Background
==========

The oldest and most common form of solid tissue transplantation in humans is the corneal graft, first carried out in 1905 \[[@b1-medscimonit-18-5-ra64]\]. Since then, transplantology in the field of ophthalmology has developed dynamically. The eye, while representing a part of the central nervous system, is a specific area in terms of transplantology because of its anatomical size, complex structure, and specific optical and metabolic processes. The cornea, anterior chamber, vitreous body, and subretinal space are "immune privileged" \[[@b2-medscimonit-18-5-ra64]\]. Allosensitization does occur in the cornea, but "immune quiescence," maintained by active processes (specific factors stimulating immune cell apoptosis, the phenomenon of anterior chamber-associated immune deviation) leads to sequestration of antigens and failure of immune-mediated inflammation \[[@b1-medscimonit-18-5-ra64],[@b3-medscimonit-18-5-ra64]\].

The aim of this review is to present the latest advances in ophthalmic transplantology.

Eyeball Transplantation
=======================

At present, it is impossible to transplant the whole eyeball in humans for several reasons \[[@b4-medscimonit-18-5-ra64]\]. One is the viability of the donor's eyeball, which is thought to sustain the functions of the photoreceptors shown in electroretinography. Another reason is related to the regeneration of the optic nerve and the reconstruction of its topography. The problem lies in the viability of ganglion retinal cells (GRCs) \[[@b4-medscimonit-18-5-ra64]\] and in the specific "axon regeneration inhibitors" that accumulate on residual myelin at injury sites \[[@b5-medscimonit-18-5-ra64]--[@b7-medscimonit-18-5-ra64]\]. GRCs vital for optic nerve regeneration degenerate after nerve II transsection; promising research on animals, however, shows that the full population of GRCs is not required for the regeneration of the optic nerve \[[@b4-medscimonit-18-5-ra64]\]. A family of 3 protein molecules -- myelin-associated glycoprotein, reticulon RTN4, and oligodendrocyte myelin glycoprotein -- as well as their axonal receptors (specifically, sialoglycans GD1a and GT1b and receptors of reticulon RTN4) plays a fundamental role in axon-myelin stabilization, but unfortunately inhibits axon regeneration after injury \[[@b5-medscimonit-18-5-ra64]--[@b7-medscimonit-18-5-ra64]\]. What is required for healthy nervous system functioning is counterproductive after enucleation inhibits axon elongation and regrowth \[[@b5-medscimonit-18-5-ra64]--[@b7-medscimonit-18-5-ra64]\]. The third important factor is related to enucleated eyeball reperfusion and tissue rejection \[[@b4-medscimonit-18-5-ra64]\]. Animal studies show that photoreceptors survive enucleation if instant reperfusion of the ocular artery is ensured; further studies on the improvement of the reperfusion technique are required that examine all transplanted arterial and venous anastomoses \[[@b4-medscimonit-18-5-ra64]\].

Ocular Appendage Grafts
=======================

Ocular transplants include the eyelids \[[@b8-medscimonit-18-5-ra64]--[@b10-medscimonit-18-5-ra64]\], lacrimal canaliculus \[[@b11-medscimonit-18-5-ra64]\], and eyebrows \[[@b12-medscimonit-18-5-ra64],[@b13-medscimonit-18-5-ra64]\]. Autotransplantation of the eyelid skin is performed (rarely allotransplantation), as well as transplantation of the skin with the orbicular muscle, of the tarsus with eyelid conjunctiva, and of full-thickness eyelids, including the skin, muscle, tarsus, and conjunctiva.

Transplantation in the Eyeball Space
====================================

Conjunctiva
-----------

Autologous transplantation of the ocular conjunctiva is performed most often to treat primary and recurrent pterygium \[[@b14-medscimonit-18-5-ra64],[@b15-medscimonit-18-5-ra64]\]. The limbal conjunctival autograft technique seems to be most effective for reducing recurrent rates after pterygium surgery compared with the bare sclera technique or amniotic membrane graft technique \[[@b15-medscimonit-18-5-ra64]\]. In the case of recurrent pterygium, some investigators recommend pterygium extended removal followed by extended conjunctival transplant, which depends on the transplantation of a large superior-posterior conjunctival section following an extensive excision of the pathological tissue \[[@b16-medscimonit-18-5-ra64]\]. Others suggest a small flap technique without autotransplantation \[[@b17-medscimonit-18-5-ra64]\]. The use of Mitomycin C in disease recurrence is controversial. Mitomycin C and subconjunctival injections of antivascular endothelial growth factor do not reduce disease recurrence after primary and secondary pterygium surgery combined with autologous conjunctival grafts \[[@b18-medscimonit-18-5-ra64],[@b19-medscimonit-18-5-ra64]\]. Some surgeons use sutures to attach the grafts, whereas others use tissue glue \[[@b20-medscimonit-18-5-ra64]--[@b22-medscimonit-18-5-ra64]\].

Sclera
------

Allogenic transplants of the preserved sclera are used in the treatment of sclera defects after trabeculectomy \[[@b23-medscimonit-18-5-ra64],[@b24-medscimonit-18-5-ra64]\] and Ahmed glaucoma valve transplantation \[[@b25-medscimonit-18-5-ra64]\], as well as for covering ocular implants to prevent their extrusion following eyeball enucleation \[[@b26-medscimonit-18-5-ra64]\].

Muscles
-------

Transplants and transpositions of the orbicular muscle are performed in paralytic lagophthalmia \[[@b27-medscimonit-18-5-ra64]\] and a range of strabismus surgical procedures \[[@b28-medscimonit-18-5-ra64],[@b29-medscimonit-18-5-ra64]\].

Cornea
------

The most dynamic and innovative area of transplantation techniques concerns the cornea. The scope of corneal transplants covers the corneal limbus, corneal layers, full-thickness cornea (penetrating keratoplasty \[PK\]), and combined limbal transplantation with penetrating or lamellar keratoplasty.

Limbal Epithelial Stem Cell Grafts in Limbal Epithelial Stem Cell Deficiency
============================================================================

A limbal epithelial stem cell (LESC) graft is recommended in partial or total LESC deficiency that has been confirmed by impression cytology \[[@b30-medscimonit-18-5-ra64]--[@b32-medscimonit-18-5-ra64]\]. LESC deficiency develops when there is stem cell deficiency or when LESCs are destroyed \[[@b30-medscimonit-18-5-ra64]--[@b32-medscimonit-18-5-ra64]\]. Limbal grafts are transplanted in congenital LESC deficiency (with aniridia), atopic conjunctivitis and keratitis, pemphigoid, and Stevens-Johnson syndrome, as well as for chemical and thermal burns \[[@b30-medscimonit-18-5-ra64]--[@b32-medscimonit-18-5-ra64]\]. LESCs are a unique population of cells that form healthy corneal epithelium, maintain its homeostasis, and constitute a physical barrier against vessels and conjunctival epithelium \[[@b32-medscimonit-18-5-ra64]\]. Without progenitors of epithelial cells, the healthy epithelium could not be formed. Their deficiency causes recurrent corneal epithelium deficiency (by definition, lasting more than 2 weeks despite therapy), vessel ingrowth, conjunctivalization, inflammation, ulcers, and scarring of the ocular surface \[[@b30-medscimonit-18-5-ra64],[@b32-medscimonit-18-5-ra64]\]. In LESC deficiency, impression cytology shows the presence of goblet cells that are characteristic for the conjunctiva \[[@b30-medscimonit-18-5-ra64],[@b31-medscimonit-18-5-ra64]\]. The fact that they appear in the 4 quadrants of the corneal surface shows that the limbal barrier is broken, that there are no stem cells, and that a total LESC deficiency has occurred \[[@b30-medscimonit-18-5-ra64],[@b32-medscimonit-18-5-ra64]\].

Partial LESC deficiency without changes in the central cornea is inoperable \[[@b32-medscimonit-18-5-ra64]\]. Surgery is performed for partial LESC deficiency with changes in the central cornea because the elimination of conjunctivalization and use of an amniotic membrane graft are necessary \[[@b32-medscimonit-18-5-ra64]\]. Total LESC deficiency requires a conjunctival-limbal autograft (CLAU) or allograft (CLAL) from a living donor, a keratolimbal or corneoscleral allograft from a cadaver, or a cultured LESC graft \[[@b32-medscimonit-18-5-ra64],[@b32-medscimonit-18-5-ra64]\]. A CLAU is harvested from the patient's other healthy eye and a CLAL is harvested from a patient's relative, with the use of the same techniques and based on the same recommendations as in CLAU \[[@b30-medscimonit-18-5-ra64],[@b31-medscimonit-18-5-ra64]\]. A "family" graft is performed in monocular patients or when the patient's other eye is in poor condition with no prospects for improvement. The term CLAL is also used in reference to limbal grafts harvested from the patient's other eye \[[@b30-medscimonit-18-5-ra64]\]. CLAU and CLAL are used in partial or total LESC deficiency treatment. The grafts are harvested from the superior and/or inferior limbus, the areas of the greatest limbal stem cell concentration. The flap has a rhomboid shape and comprises 1 mm of the transparent cornea, the limbus and the conjunctiva stretching 8 mm from the limbus. It is attached to the recipient's bed with interrupted or continuous sutures \[[@b31-medscimonit-18-5-ra64],[@b33-medscimonit-18-5-ra64]\]. Originally, in total LESC deficiency treatment, large parts of the limbus were harvested, traditionally 2 sections ranging from 5 to 7 mm, and corresponding to the 12 o'clock and 6 o'clock positions (2×3 h of circumference). Numerous modifications can be made concerning different graft areas; basically, smaller sections are harvested in the treatment of total LESC deficiency (1×6 mm, 1×2 h of circumference) and in the case of combining CLAL with an amniotic membrane graft \[[@b31-medscimonit-18-5-ra64]\]. Grafts from the patient's other eye do not require immunosuppression, but since healthy tissue is disturbed, it may lead to iatrogenic LESC deficiency despite the fact that the number of complications after limbal transplantation is not as high \[[@b31-medscimonit-18-5-ra64]\].

A keratolimbal allograft (KLAL) is a ring-shaped graft harvested from a cadaver that is used in total bilateral LESC deficiency treatment. The ring is placed in the recipient's limbus and sutured to the sclera, and subsequently the conjunctiva is placed on the ring and attached \[[@b34-medscimonit-18-5-ra64],[@b35-medscimonit-18-5-ra64]\]. KLAL will not provide the desired results in patients with total LESC deficiency and leukoma because it does not improve the transparency of the cornea or the condition of the epithelium. In such patients, KLAL and PK should be combined, or a corneoscleral graft performed \[[@b34-medscimonit-18-5-ra64]\]. Two sections are harvested from an oversized (15 mm) donor's button comprising the whole cornea, the limbus, and the sclera (2--3 mm); the limbal-scleral ring is used for KLAL and the central cornea (7.5--7.75 mm) for PK. PK is performed first and is finally separated from KLAL by the opaque area of the recipient's cornea, which is a physical barrier against epithelial rejection \[[@b31-medscimonit-18-5-ra64],[@b34-medscimonit-18-5-ra64]\]. In some patients with total LESC deficiency and opacity of the outer corneal layers, it is advisable to combine deep anterior lamellar keratoplasty (DALK) with KLAL, rather than PK with KLAL, in order to prevent endothelial rejection \[[@b34-medscimonit-18-5-ra64]\].

A Corneoscleral allograft can be used after extensive burns and in the treatment of total bilateral LESC deficiency with coincident leukoma \[[@b34-medscimonit-18-5-ra64]\]. After the removal of the recipient's cornea, a graft of 11--12 mm in diameter is sutured to the sclera and the conjunctiva is placed on it and attached (as well as the amniotic membrane) \[[@b34-medscimonit-18-5-ra64]\]. The donor's larger graft solves the problem of LESC deficiency and leukoma but involves more allergens, which may lead to epithelium and endothelium rejection. There is no physical barrier (as in PK with KLAL) against vessels, cells, and inflammatory and immune agents \[[@b34-medscimonit-18-5-ra64]\].

Cultured Limbal Stem Cell Graft
===============================

Owing to the development of molecular bioengineering, limbal stem cells can be cultured \[[@b30-medscimonit-18-5-ra64],[@b32-medscimonit-18-5-ra64],[@b36-medscimonit-18-5-ra64]--[@b39-medscimonit-18-5-ra64]\]. In some conditions, a very small autologous (from the other eye) or allogenic limbal section produces a large population of cells, which are subsequently grafted to the eye in total LESC deficiency \[[@b32-medscimonit-18-5-ra64]\]. The section (1×1 mm) harvested at 12 o'clock can be cultured in an explant culture system or a suspension culture system, which is sustained by trypsin \[[@b30-medscimonit-18-5-ra64],[@b32-medscimonit-18-5-ra64]\]. The amniotic membrane is usually used to culture grafts \[[@b30-medscimonit-18-5-ra64],[@b32-medscimonit-18-5-ra64],[@b33-medscimonit-18-5-ra64],[@b39-medscimonit-18-5-ra64]\], but a standard hydrogel contact lens \[[@b30-medscimonit-18-5-ra64],[@b40-medscimonit-18-5-ra64]\], plastic compressed collagen \[[@b41-medscimonit-18-5-ra64]\], and the patient's oral mucous membrane \[[@b32-medscimonit-18-5-ra64]\] may also be used. The graft is submerged in allo/autoserum and incubated for about 10 days at a certain humidity and CO~2~ level \[[@b30-medscimonit-18-5-ra64],[@b32-medscimonit-18-5-ra64]\]. If the cultured cells are confluent on the 2×2 mm sheet and a basement membrane is formed, then the cells may be used as a graft. The colonies of cells are airlifted and then transferred to the recipient's cornea \[[@b30-medscimonit-18-5-ra64],[@b32-medscimonit-18-5-ra64]\]. The graft is more successful in patients with short-term LESC deficiency. A cultured LESC graft leads to improvement of visual acuity (2 more lines on the European Society of Cataract and Refractive Surgeons charts) and cytochemical condition of the cornea in 60% of the patients with total LESC deficiency \[[@b30-medscimonit-18-5-ra64]\]. The viability of the graft depends on the environment of the recipient's cornea; therefore, prior to transplantation, it is vital to completely remove conjunctivalization and prevent hemorrhage during surgery \[[@b31-medscimonit-18-5-ra64],[@b34-medscimonit-18-5-ra64]\]. If impression cytology has shown conversion, then the graft has been accepted (ie, the conjunctival phenotype has changed into the corneal phenotype). Initially, animal cells were used to culture grafts to produce and stimulate colony growth, and calf's fetal serum was used as a medium -- without it, the proliferation process was less effective \[[@b32-medscimonit-18-5-ra64]\]. A limbal auto/allograft became a xenograft in those conditions with all animal antigens and pathogens. The use of the allogenic amniotic membrane, the autologous mucous membrane, and autologous or allogenic serum, as well as contact lenses, alleviates problems with immunity and solves ethical dilemmas related to experimenting on animals \[[@b32-medscimonit-18-5-ra64]\]. The development of cell bioengineering for the LESC graft is related to research on alloserum (in some patients autoserum cannot be used for religious or medical reasons (eg, with positive test results for hepatitis B virus, hepatitis C virus, HIV1, HIV2, lymphoma I and II, or lues) and to research on other sources of harvesting stem cells such as the placenta, embryonic progenitor cells, bone marrow, and hair follicles \[[@b30-medscimonit-18-5-ra64]\]. Cultured LESC grafting represents the optimal solution because a small sample of the autologous tissue is used, the biopsy can be repeated, risk of rejection is mitigated, and no immune suppression is necessary \[[@b30-medscimonit-18-5-ra64],[@b32-medscimonit-18-5-ra64]\]. CLAL is a more aggressive surgical technique, as it disturbs healthy tissue and there is a risk of iatrogenic LESC deficiency; whereas in KLAL, immune suppression is required \[[@b30-medscimonit-18-5-ra64],[@b31-medscimonit-18-5-ra64]\].

Penetrating Keratoplasty
========================

PK has been considered the gold standard for treating a wide range of corneal diseases related to the epithelium, stroma, and endothelium, although at present, it is not recommended as often as it used to be \[[@b42-medscimonit-18-5-ra64]--[@b57-medscimonit-18-5-ra64]\]. The diseases treated with PK include the following: keratoconus with scarred Descemet membrane or corneal thickness less than 300 μm; bullous keratopathy secondary to pseudophakia or aphakia and simultaneous opacity or stromal scars, or corneal thickness of over 800--850 μm; mature (or complicated) cataract with swollen Fuchs' dystrophy and simultaneous opacity or stromal scars, or corneal thickness of over 800--850 μm (conventional triple procedure, \[ie, simultaneous PK, cataract surgery, and artificial lens implantation\]); and opacity comprising the whole thickness of the cornea \[[@b42-medscimonit-18-5-ra64],[@b43-medscimonit-18-5-ra64],[@b47-medscimonit-18-5-ra64]--[@b50-medscimonit-18-5-ra64]\].

Corneal Lamellar Grafts
=======================

The use of anterior and posterior lamellar keratoplasty depends on the selective transplantation of certain corneal layers. Technically, it is more difficult and more time-consuming than PK, but in particular cases, better anatomical and functional (visual acuity) results are achieved \[[@b47-medscimonit-18-5-ra64]--[@b51-medscimonit-18-5-ra64],[@b58-medscimonit-18-5-ra64],[@b59-medscimonit-18-5-ra64]\]. Lamellar keratoplasty has become an alternative method to PK as a result of the following factors: it is a causative therapy (selective stroma or endothelium transplantation); it prevents complications resulting from an "open sky" technique and immunization; it optimizes refraction effects; it improves recovery conditions, including healing time; and it uses the donor's tissues economically (1 cornea for the anterior/posterior transplants in 2 recipients) \[[@b47-medscimonit-18-5-ra64],[@b49-medscimonit-18-5-ra64],[@b51-medscimonit-18-5-ra64],[@b60-medscimonit-18-5-ra64]\].

Anterior lamellar keratoplasty is performed in epithelial/subepithelial dystrophy (gelatinous drop-like corneal dystrophy); Bowman membrane dystrophy (Reis-Bücklers corneal dystrophy); stroma dystrophy that does not include the Descemet membrane (lattice corneal dystrophy, granular corneal dystrophy); opacity and scars after inflammation and burns; LESC deficiency combined with LESC graft; keratoconus (most common); and keratectasia following laser *in-situ* keratomileusis \[[@b47-medscimonit-18-5-ra64],[@b48-medscimonit-18-5-ra64],[@b51-medscimonit-18-5-ra64]--[@b53-medscimonit-18-5-ra64],[@b61-medscimonit-18-5-ra64]\]. The recipient's bed can be prepared by means of manual lamellar dissection with residual posterior stroma, or the "big bubble" technique, which fully removes stroma and bares the Descemet membrane (DALK) \[[@b47-medscimonit-18-5-ra64],[@b48-medscimonit-18-5-ra64],[@b51-medscimonit-18-5-ra64],[@b62-medscimonit-18-5-ra64]\]. A new surgical technique -- enzymatic DALK -- facilitates stromal dissection \[[@b63-medscimonit-18-5-ra64]\]. The big bubble technique \[[@b48-medscimonit-18-5-ra64]\] is initiated with a circular incision of the recipient's peripheral cornea, 60--80% thick. The 25(30)-gauge needle is put deeply through this groove into the paracentral stroma, and air is injected into the cornea. As a result of even spreading of the air bubble (after 3--4 injections), the stroma is totally separated from the Descemet membrane and a white, opaque disc surrounded by the circular incision ring is formed. The front of the air bubble is punctured in the area of circular incision, which leads to its collapse and darkening of the separated stromal disc. Next, an Anwar spatula is put into up-growth inter-corneal canal to lift and safely detach the stroma while excising it with a knife. The residual stroma is finally excised with blunt corneal scissors as far as the circular incision. The graft, consisting of the epithelium and stroma only (after stripping the Descemet membrane), is sutured to the recipient's bared bed. The introduction of the big bubble technique improved visual acuity results and reduced the frequency of perforation of the Descemet membrane compared with previous techniques (hydrodelineation is not as effective, and viscoelastic applied under high pressure causes perforation and postoperative complications such as abnormal adhesion of tissues) \[[@b48-medscimonit-18-5-ra64]\]. The complete removal of the recipient's stroma and the donor's Descemet membrane eliminates postoperative symptoms in the host/donor interface such as folds; second anterior chamber; and opacity, scars, and a haze phenomenon typical of manual lamellar dissection (light dispersion on the recipient/donor interface due to the residual recipient's stroma) \[[@b47-medscimonit-18-5-ra64],[@b48-medscimonit-18-5-ra64]\].

Therapeutic DALK (TDALK) is used in active stages of keratitis that are resistant to conventional treatment and caused by herpes, *Pseudomonas aeruginosa*, fungi, or Acanthamoeba (mainly in patients using contact lenses) \[[@b47-medscimonit-18-5-ra64]\]. The excision of the cornea eliminates the source of the pathogen and is an urgent procedure required to prevent secondary endophthalmitis and perforation. TDALK should be performed early, before corneal neovascularization and before the limbus has been damaged. Late and/or incomplete excision of the pathogen is connected with the recurrence of inflammation in the graft \[[@b47-medscimonit-18-5-ra64]\]. Good results (86.6% in TDALK) can be compared with the 88% results of therapeutic penetrating keratoplasty (TPK). TDALK rarely causes endothelial rejection (15% after TPK), it increases the viability of the graft after a year (90% after TDALK, 78% after TPK), it does not lead to secondary endophthalmitis (50% after TPK), and it hardly ever causes secondary cataract and glaucoma, as penetration of the anterior chamber is not required \[[@b47-medscimonit-18-5-ra64]\]. DALK combined with CLAU is recommended in LESC deficiency treatment \[[@b36-medscimonit-18-5-ra64]\]. PK is not required in some patients with LESC deficiency (if opacity does not comprise the whole cornea, if it does not stretch to the Descemet membrane, and if the defect of the endothelium does not occur); however, in all patients with total LESC deficiency, central corneal transplantation (PK or DALK), without a simultaneous LESC graft, is not sufficient. DALK, compared with PK, causes less immunization, and CLAU is more effective than allogenic limbal grafts \[[@b36-medscimonit-18-5-ra64]\]. DALK in moderate to advanced stages of keratoconus is an alternative method to PK \[[@b48-medscimonit-18-5-ra64],[@b52-medscimonit-18-5-ra64]--[@b54-medscimonit-18-5-ra64],[@b64-medscimonit-18-5-ra64],[@b65-medscimonit-18-5-ra64]\], as good visual acuity results are achieved; the risk of endothelial graft rejection is eliminated, and in most patients, it can be performed with the use of the big bubble technique (if intraoperative perforation of the Descemet membrane occurs, then PK transplantation should be performed) \[[@b54-medscimonit-18-5-ra64],[@b64-medscimonit-18-5-ra64]\]. According to Anwar and Teichman \[[@b48-medscimonit-18-5-ra64]\], however, DALK can be dangerous and ineffective in corneas after hydrops (the air comes through the Descemet membrane perforation, the big bubble does not form, the Descemet membrane of the host is not entirely bared, and force separation of the stroma in the area of the scar comprising the Descemet membrane may lead to perforation). After hydrops, it is advisable to retain residual stroma covering the perforation and hence the manual lamellar dissection should be used here \[[@b48-medscimonit-18-5-ra64]\]. Supporters of PK \[[@b55-medscimonit-18-5-ra64]\] in the surgery for keratoconus emphasize that the manual lamellar dissection technique causes the haze phenomenon, which worsens visual acuity, has less spectacular results compared with PK, and is not tolerated by younger patients. DALK rarely causes endothelial graft rejection, but may also lead to subepithelial/stromal graft rejection, which occurs in PK \[[@b55-medscimonit-18-5-ra64],[@b66-medscimonit-18-5-ra64]\].

Compared with PK, DALK does not significantly disturb the eyeball (important in terms of potential damage in the future, in particular in monocular patients); it does not lead to intraoperative complications (expulsive hemorrhage, intraocular inflammation, and adhesions); it has minimal impact on endothelial cell loss; it does not require long-term corneal sutures; it does not cause severe astigmatism and therefore its results are more predictable and ensure better visual acuity; and finally, it does not require indications that are as strict as for PK \[[@b47-medscimonit-18-5-ra64],[@b51-medscimonit-18-5-ra64],[@b55-medscimonit-18-5-ra64]\]. The drawbacks of DALK include intraoperative Descemet membrane perforation and the risk of subepithelial/stromal rejection. Moreover, this technique is more time-consuming and requires special technical skills \[[@b48-medscimonit-18-5-ra64],[@b55-medscimonit-18-5-ra64],[@b66-medscimonit-18-5-ra64]\].

Posterior lamellar keratoplasty (PLK) depends on the allogenic replacement of the Descemet membrane with endothelium \[[@b49-medscimonit-18-5-ra64]\]. Primary bullous keratopathy in Fuchs' dystrophy, or corneal edema secondary to pseudophakia, aphakia, or antiglaucoma implant, are usually indications for PLK \[[@b49-medscimonit-18-5-ra64]\]. PLK cannot be performed in patients with stroma opacity or scarring, or in hypotony; it is sometimes recommended in posterior polymorphic dystrophy, iridocorneal endothelial syndrome, and endothelial defect after acute glaucoma or PK \[[@b56-medscimonit-18-5-ra64],[@b57-medscimonit-18-5-ra64],[@b67-medscimonit-18-5-ra64],[@b68-medscimonit-18-5-ra64]\]. PLK is performed in adults, as well as in children \[[@b69-medscimonit-18-5-ra64],[@b70-medscimonit-18-5-ra64]\]. In the United States, endothelial keratopathy accounts for 1/3 to 1/2 of all transplants \[[@b42-medscimonit-18-5-ra64],[@b44-medscimonit-18-5-ra64]\]. Endothelial keratoplasty techniques include deep lamellar endothelial keratoplasty (DLEK), Descemet stripping endothelial keratoplasty (DSEK), Descemet stripping automated endothelial keratoplasty (DSAEK), Descemet membrane endothelial keratoplasty (DMEK), Descemet membrane automated endothelial eratoplasty (DMAEK), and femtosecond laser-assisted corneal endothelial keratoplasty (FLEK; see below). The first posterior grafts turned out to be inferior to PK, but DLEK, introduced by Terry in 2000 and modified by Melles in 2002, initiated the spectacular development of PLK \[[@b71-medscimonit-18-5-ra64]\]. "Small incision" DLEK depends on the transplantion of a 9 mm folded flap, through a 5 mm deep and inaccessible corneal canal. The donor's flap consists of the posterior stroma and Descemet membrane with endothelium (the anterior stroma is excised with a manual keratome). The recipient's bed (the posterior stroma and Descemet membrane with endothelium) is excised with the trepan through the same corneal canal. The graft is stabilized by the air bubble injected into the anterior chamber. The rough host/donor stromal interface contributes to the viability of the graft \[[@b72-medscimonit-18-5-ra64]--[@b74-medscimonit-18-5-ra64]\]. Small incision DLEK provides stable central corneal topography \[[@b75-medscimonit-18-5-ra64]\] and good refraction and visual acuity results in long-term follow-up, and it seems to be a better alternative to PK for the purpose of treating endothelial dysfunction \[[@b76-medscimonit-18-5-ra64],[@b77-medscimonit-18-5-ra64]\].

DSEK and DSAEK are 2 innovative techniques that depend on a different manner of preparing the recipient's bed. The Descemet membrane with endothelium is stripped in the anterior chamber; i.e., it is not excised with a trepan as in DLEK \[[@b78-medscimonit-18-5-ra64]--[@b82-medscimonit-18-5-ra64]\]. Stripping is easier and faster and preparation of the corneal tunnel is not required. Stripping contributes to smooth the host/donor interface, which, compared with DLEK and PK, enhances postoperative results concerning corneal structure and refraction \[[@b80-medscimonit-18-5-ra64],[@b83-medscimonit-18-5-ra64]--[@b88-medscimonit-18-5-ra64]\]. However, smooth host/donor interface leads to frequent dislocation and abnormal graft adhesion (in DLEK the interface is rougher) \[[@b80-medscimonit-18-5-ra64],[@b89-medscimonit-18-5-ra64]--[@b95-medscimonit-18-5-ra64]\]. The difference between DSEK and DSAEK is in the preparation of the graft. In DSEK, the donor's anterior stroma is excised with a manual keratome, and in DSAEK it is excised with an automated keratome \[[@b78-medscimonit-18-5-ra64],[@b79-medscimonit-18-5-ra64]\]. In DSAEK, the depth of the incision is 300 μm for central corneal thickness that is less than 550 μm, or 350 μm for thickness that is more than 550 μm; the measurement is taken with an ultrasound pachymeter after removal of epithelium \[[@b79-medscimonit-18-5-ra64]\]. Automated preparation of the graft is faster, more precise, and repeatable. In both techniques, the donor's flap includes residual stroma, less of it in DSAEK (about 10--20%), and Descemet membrane with endothelium, but in DSAEK, the flaps are smoother \[[@b80-medscimonit-18-5-ra64]\]. In DSEK, large differences in the thickness of flaps occur, which does not significantly affect visual acuity \[[@b83-medscimonit-18-5-ra64]\]. Recommended flap thickness in DSAEK is 120--180 μm \[[@b84-medscimonit-18-5-ra64]\]. The 8.5--9.0 mm flap is excised with a trepan and inserted into the recipient's anterior chamber through a 5.0 mm corneal incision, which requires folding it in such a way that the endothelium can be placed in the middle \[[@b78-medscimonit-18-5-ra64],[@b79-medscimonit-18-5-ra64],[@b96-medscimonit-18-5-ra64]\]. After partial unfolding of the flap in the anterior chamber, the air is injected to enable its total unfolding and adhesion to the recipient's bed. After the surgery, the patient must lie flat for an hour \[[@b78-medscimonit-18-5-ra64],[@b79-medscimonit-18-5-ra64]\]. Forceps-assisted(standard "taco" technique) and Busin guide-assisted methods, as well as drag techniques (using forceps or suture), are performed to insert a flap during DSAEK \[[@b97-medscimonit-18-5-ra64]--[@b99-medscimonit-18-5-ra64]\]. Marked loss of the corneal endothelium is the main reason for primary DSAEK graft failure \[[@b90-medscimonit-18-5-ra64],[@b92-medscimonit-18-5-ra64]\]. The Busin guide is a derivative of the taco technique; it protects and decreases the endothelium damage of the flap, but best-corrected visual acuity is not significantly different between the forceps-assisted and the Busin guide-assisted groups according to Bahar et al. \[[@b97-medscimonit-18-5-ra64]\]. The new triple procedure, which combines DSAEK with cataract surgery and intraocular lens implantation, provides rapid visual recovery \[[@b100-medscimonit-18-5-ra64],[@b101-medscimonit-18-5-ra64]\]. Technological advancement has led to a new technique, FLEK \[[@b102-medscimonit-18-5-ra64]--[@b104-medscimonit-18-5-ra64]\]. The femtosecond laser causes regular and smooth posterior stromal ablation. It allows for a precise, deep, horizontal and lamellar incision of the donor's cornea as deep as 400 μm. The graft is 150--200 μm thick, thinner in the central part and thicker on the circumference, and used in a standard DSAEK \[[@b102-medscimonit-18-5-ra64]--[@b104-medscimonit-18-5-ra64]\]. The flap prepared with the use of a femtosecond laser causes a mild hyperopic shift \[[@b103-medscimonit-18-5-ra64],[@b105-medscimonit-18-5-ra64]\], provides good endothelial cell viability \[[@b104-medscimonit-18-5-ra64]\], and contributes to less extensive astigmatism and easier wound healing \[[@b103-medscimonit-18-5-ra64]\].

DMEK was introduced by Miller in 2006. It is the only technique that in practice contributes to an endothelial pathological treatment of the cause. The Descemet membrane with the endothelium is transplanted without the donor's posterior residual stroma \[[@b106-medscimonit-18-5-ra64],[@b107-medscimonit-18-5-ra64]\]. The innovation lies in the fact that stripping includes both the recipient's and the donor's cornea. The graft is stripped off rather than excised as in DSEK/DSAEK. An 8.5--9.0 mm ultrathin flap (practically 1 layer of cells on the Descemet membrane) is implanted from the injector through a 2.8--3.0 mm corneal incision, and is unfolded in the anterior chamber by means of irrigation fluid and stabilized with air bubble injection. After the procedure, the patient must lie flat \[[@b106-medscimonit-18-5-ra64],[@b107-medscimonit-18-5-ra64]\]. After DMEK, the following is smaller -- central corneal thickness (average 530 μm; 650 μm after DSAEK), postoperative hyperopia (average 0.5 D; 1.05 D after DSAEK), and the range of spherical equivalent (average 2.5 D; 4--5 D after DSAEK). DMEK surpasses DSAEK in terms of the percentage of patients with full visual acuity \[[@b85-medscimonit-18-5-ra64],[@b86-medscimonit-18-5-ra64]\]. Problems arise in connection with graft preparation and its frequent detachment and surgical -- sometimes multiple -- repositioning caused by the ultrathin donor's flap and both smooth surfaces of the interface \[[@b106-medscimonit-18-5-ra64]\].

DMAEK is a hybrid technique. The innovation depends on a sophisticated technique of the donor's flap preparation to improve its viability in the recipient's bed \[[@b108-medscimonit-18-5-ra64],[@b109-medscimonit-18-5-ra64]\]. The initial stage of the donor's flap preparation is the same as in DSAEK (the depth of incision is 300 μm for a central corneal thickness of less than 550 μm, or 350 μm for thickness of more than 550 μm). After removing the cornea from the artificial chamber and turning it with the endothelium facing upwards, with the use of the big bubble technique, the posterior residual stroma is separated from the Descemet membrane in the range of the central 6.0--7.0 mm, and the Descemet membrane is dyed with trypan blue. Next, the graft is turned with the endothelium facing downwards, and the separated stroma is excised with scissors in the range of the central 5.0--6.0 mm. The flap is again turned over with the endothelium facing upwards, and the graft with the diameter of 8.5--9.0 mm is excised with a trepan. Finally, the graft has only Descemet membrane with the endothelium in its central part, which is not stripped off as in DMEK but separated by means of air, and it includes a 2.5 mm ring of the posterior rough stroma on its circumference, as in DSAEK. The ultrathin graft is implanted by means of a Busin glide and stabilized by the air bubble. After the procedure, the patient must lie flat \[[@b108-medscimonit-18-5-ra64]\]. As a hybrid technique, DMAEK combines good DMEK refraction (resulting from an ultrathin graft in the center) with DSAEK stabilization of the graft (greater than in DMEK in connection with preserved circumferential rough stromal ring) \[[@b108-medscimonit-18-5-ra64]\].

The advantages of PLK compared with PK are as follows: anterior ocular wall integrity, faster rehabilitation (on average within 1.5 weeks, whereas it is within 5 weeks after PK), better visual acuity (corrected/uncorrected), and better contrast sensitivity. PLK do not cause anterior wave defects, or severe astigmatism, or wound leakage. Moreover, they do not require long-term sutures and the risk of severe intra/postoperative complications (expulsive hemorrhage and intraocular inflammation) is reduced \[[@b110-medscimonit-18-5-ra64]--[@b116-medscimonit-18-5-ra64]\]. PLK requires a high-quality donor cornea (an endothelial cell count of a minimum of 2700/mm^2^); intraoperative damage and low endothelial cell count are the major drawbacks of PLK. The recurrence of endothelial defects adversely affects the results of PLK, and new surgery is required \[[@b117-medscimonit-18-5-ra64],[@b118-medscimonit-18-5-ra64]\]. Complications after PLK are as follows: graft dislocation and/or abnormal adhesion (total or partial detachment), glaucoma pupillary block (caused by air tamponade), endothelial ingrowth, fibrose of the interface, posterior corneal membrane, endothelial rejection or inflammation, keratitis and intraocular inflammation, and Urrets-Zavalia syndrome \[[@b87-medscimonit-18-5-ra64],[@b89-medscimonit-18-5-ra64]--[@b93-medscimonit-18-5-ra64],[@b119-medscimonit-18-5-ra64]--[@b121-medscimonit-18-5-ra64]\]. Advanced PLK techniques require manual dexterity and sophisticated, costly equipment.

Non-immunologic graft failure and allograft endothelial rejection are the main causes of long-term adverse effects of corneal transplantation, as approximately only 70% of corneal transplantations are successful within 5 years \[[@b121-medscimonit-18-5-ra64]\]. The development of artificial corneas could resolve the immune and the organ supply problems. Tissue-engineered neo-corneas are composed of cultured and human corneal endothelial cells that are expanded *in vitro* and seeded onto thin carriers -- a biodegradable gelatinous membrane, an amniotic membrane, a Descemet membrane, and a fibrin-based matrix or a human acellular corneal scaffold \[[@b121-medscimonit-18-5-ra64],[@b123-medscimonit-18-5-ra64]\]. The 120 (200) μm-thick, decellularized corneal scaffold is obtained through cutting the stroma into 4 (3) slices and through high-hydrostatic pressurization, which removes native stromal cells, but retains the extracellular matrix and its major protein and biomechanical properties \[[@b123-medscimonit-18-5-ra64],[@b124-medscimonit-18-5-ra64]\]. In an animal study, the transplantation of acellular stromal slices covered with human corneal endothelial cells (130 cells/mm^2^) did not cause an immune reaction \[[@b123-medscimonit-18-5-ra64],[@b124-medscimonit-18-5-ra64]\]. The concept of an artificial cornea formed by combining new biomaterials with cells from *in vitro* directed differentiation of adipose-derived stem cells into endothelium is promising \[[@b125-medscimonit-18-5-ra64]\].

Amniotic Membrane Graft
=======================

Allogenic amniotic membrane grafts are performed to treat the ocular surface in chronic loss of epithelium, LESC deficiency, bullous keratopathy, and corneal hydrops; after conjunctiva, strabismus, eye socket, and refraction surgery; and after chemical and thermal burns \[[@b30-medscimonit-18-5-ra64]\]. Amniotic membrane is anti-inflammatory and anti-bacterial, it regenerates epithelium (the source of viable stem cells), and it inhibits angiogenesis and scarring (it stimulates apoptosis of inflammatory cells and obstructs proteases and myofibroblasts) \[[@b30-medscimonit-18-5-ra64]\]. Grafts are performed with the use of the overlay technique (2 amniotic membranes are sutured to the cornea, the smaller one compensating for epithelium loss and the other covering the whole cornea, both with the epithelium down) or the bandage technique (1 amniotic membrane is sutured to the whole cornea with the epithelium down) \[[@b30-medscimonit-18-5-ra64]\]. The stroma, which is directed upwards, is a type of scaffolding for the formation of corneal epithelium. In the pterygium, fornix reconstruction and symblepharon surgery is not recommended to go beyond the limit of the limbus and the suture of the amniotic membrane to the cornea \[[@b30-medscimonit-18-5-ra64],[@b126-medscimonit-18-5-ra64]\]. An amniotic membrane graft is also controversial in the primary pterygium. According to Ye et al. \[[@b127-medscimonit-18-5-ra64]\], the temporary (lasting for 5 days) amniotic membrane patch is an effective and safe procedure, but according to others \[[@b30-medscimonit-18-5-ra64],[@b126-medscimonit-18-5-ra64]\], it increases pterygium recurrence rates and should be avoided.

Anterior Lens Capsule Graft
===========================

An autologous anterior lens capsule graft in the scleral tunnel is recommended in a hybrid procedure that combines glaucoma and cataract surgery (phacotrabeculectomy with intraocular artificial lens implantation) \[[@b128-medscimonit-18-5-ra64]\]. In terms of filtration, the results for intraocular pressure and best-corrected visual acuity are similar and comparable to those for mitomycin C. At the same time, an anterior lens capsule graft does not cause complications related to the use of an antimitotic \[[@b128-medscimonit-18-5-ra64]\].

Conclusions
===========

Autotransplants and allotransplants of tissues of the anterior segment of the eye allow treatment of many genetic, degenerative, post-inflammatory, traumatic, and cancerous eye diseases. Recent progress in the field of cornea transplants has been tremendous, including treatment at the level of the endothelium (DMEK, DMAEK) and cultured LESC grafts. Modern and multilayered transplant techniques of the cornea do, however, require much more expertise and longer training of the surgeon, as well as expensive and technologically advanced equipment. The availability of donor tissue continues to be the main limitation affecting transplantation. Therefore, extensive research on cell culturing techniques, such as stem cells, and artificial corneas, is ongoing.

**Source of support:** Self-financing unit

CLAL

:   conjunctival-limbal allograft

CLAU

:   conjunctival-limbal autograft

DALK

:   deep anterior lamellar keratoplasty

DLEK

:   deep lamellar endothelial keratoplasty

DMAEK

:   Descemet membrane automated endothelial keratoplasty

DMEK

:   Descemet membrane endothelial keratoplasty

DSAEK

:   Descemet stripping automated endothelial keratoplasty

DSEK

:   Descemet stripping endothelial keratoplasty

FLEK

:   femtosecond laser-assisted corneal endothelial keratoplasty

GRC

:   ganglion retinal cells

KLAL

:   kerato-limbal allograft

LESC

:   limbal epithelial stem cells

PK

:   penetrating keratoplasty

PLK

:   posterior lamellar keratoplasty

TDALK

:   therapeutic deep anterior lamellar keratoplasty

TPK

:   therapeutic penetrating keratoplasty
